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The present invention relates to a method for correlating multiple position 
measuring systems that are used to measure a position of an object table in multiple 
processing stations in a lithographic projection apparatus. More particularly, the invention 
relates to a calibration method in a lithographic apparatus comprising: 

• an illumination system for supplying a projection beam of radiation; 

• a first object table for holding a mask; 

• a second object table for holding a substrate; and 

• a projection system for imaging an irradiated portion of the mask onto a target portion of 
the substrate; 



10 



An apparatus of this type can be used, for example, in the manufacture of 
integrated circuits (ICs). In such a case, the mask (reticle) may contain a circuit pattern 

1 5 corresponding to an individual layer of the IC, and this pattern can then be imaged onto a 
target portion comprising one or more dies on a substrate (silicon wafer) which has been 
coated with a layer of radiation-sensitive material (resist). In general, a single wafer will 
contain a whole network of adjacent target portions that are successively irradiated through 
the reticle, one at a time. In one type of lithographic projection apparatus, each target portion 

20 is irradiated by exposing the entire reticle pattern onto the target portion in one go; such an 
apparatus is commonly referred to as a waferstepper. In an alternative apparatus — which is 
commonly referred to as a step-and-scan apparatus — each target portion is irradiated by 
progressively scanning the reticle pattern under the projection beam in a given reference 
direction (the "scanning" direction) while synchronously scanning the second object table 

25 parallel or anti-parallel to this direction; since, in general, the projection system will have a 
magnification factor M (generally < 1), the speed v at which the second object table is 
scanned will be a factor M times that at which the first object table is scanned. More 
information with regard to lithographic devices as here described can be gleaned from 
International Patent Application WO 97/33205. 
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Lithographic apparatus may employ various types of projection radiation, such 
as ultra-violet light (UV), extreme UV, X-rays, ion beams or electron beams, for example. 
Depending on the type of radiation used and the particular design requirements of the 
apparatus, the projection system may be refractive, reflective or catadioptric, for example, and 
may comprise vitreous components, grazing- incidence mirrors, selective multi-layer coatings, 
magnetic and/or electrostatic field lenses, etc/, for simplicity, such components may be 
loosely referred to in this text, either singly or collectively, as a "lens". The apparatus may 
comprise components, which are operated in vacuum, and are correspondingly vacuum- 
compatible. In the present document the invention is described using a reference system of 
orthogonal X, Y and Z directions. Unless the context otherwise requires, the term "vertical" 
(Z) used herein is intended to refer to the direction normal to the substrate or mask surface 
and the term position is intended to refer to a position in X, Y and Z, and includes a rotational 
orientation around the X, Y and Z directions. For simplicity, the first object table may be 
referred to as the mask table, and the second object table may be referred to as the substrate 
table. 

In the past, apparatus of this type generally contained a single mask table and a 
single substrate table. However, machines are becoming available in which there are at least 
two independently movable substrate tables; see, for example, the multi-station apparatus 
described in International Patent Applications WO 98/28665 and WO 98/40791. The basic 
operating principle behind such multi-station apparatus is that, while a first substrate table is 
at a first station underneath the projection system so as to allow exposure of a first substrate 
located on that table, a second substrate table can run to a second station, discharge an 
exposed substrate, pick up a new substrate, perform some initial metrology steps on the new 
substrate, and then stand by to transfer this new substrate to the first station underneath the 
projection system as soon as exposure of the first substrate is completed, whence the cycle 
repeats itself; in this manner, it is possible to achieve a substantially increased machine 
throughput, which in turn improves the cost of ownership of the machine. It may be even 
more advantageously to use three or more stations, which perform different processing steps 
on the substrate to improve the throughput of the apparatus. 

In the same way, it is possible to conceive a lithographic projection apparatus 
having more than one mask table. Such a machine could, for example, be useful in a scenario 
in which each layer of a die is exposed to images from multiple masks; in that case, the 
presence of multiple mask tables could significantly improve throughput. In the discussion 
which follows, the invention may generally be presented in the context of an apparatus having 
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multiple substrate tables. However, it will be appreciated that the discussion is equivalently 
applicable to an apparatus having multiple mask tables. 

In an exemplary multi-station apparatus a position control system will be used 
to control the position of the substrate table in the apparatus. This system may comprise a first 
5 position measuring system for measuring a position of the substrate table at a first station and 
a second position measuring system for measuring a position of the substrate table at a second 
station, and any number of further position measuring systems for measuring a position of the 
substrate table at a corresponding number of further stations. It is very important that these 
position measuring systems be correlated with a high accuracy because data measured at a 

10 particular position on the substrate during the initial metrology steps in a second station will 
be used at said particular position during exposure in the first station. One of the problems 
that may occur is that the scaling offset of the position measuring system at the first station 
may be different with respect to the scaling offset of the position measuring system at the 
second station due to environmental influences. The scaling offset is the ratio between the 

15 actual separation of two positions on the substrate table and the derived separation as 

measured by each position measuring system. In case the scaling offset differs between one 
position measuring system and another position measuring system it is impossible for the 
position control system to reproduce a position measured at one station at another station with 
the required accuracy. In a single-station apparatus a scaling offset will not occur because 

20 metrology steps and exposure are done at the same station with a single position measuring 
system. 



25 It is an object of the invention to provide a method for calibrating at least two 

different position measuring systems that are used to measure a position of an object table in 
at least two different stations in a lithographic projection apparatus, with respect to each 
other. 

These and other objects are achieved in an apparatus as specified in the 
30 opening paragraph, characterized in that said calibration method comprises the following 
steps: 

• identifying a set of two or more reference positions of said object table with a first 
detection system and simultaneously measuring those reference positions with a first 
position measuring system; 
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• identifying the same set of reference positions of said object table with a second detection 
system and simultaneously measuring those reference positions with a second position 
measuring system; and 

• correlating said first and said second position measuring systems using the measurements 
5 of the reference positions. 

In the event that there are N object tables and respective stations, where N>2, 
then the identification step is performed N times, and the correlating step will involve N 
position measuring systems. By detecting a set of two or more reference positions of said 
object table and simultaneously measuring the position of said object table with a position 

10 measurement system it is possible to determine a scaling offset. By doing this for each of the 
position measuring systems it is possible to correlate measurements of the different position 
measuring systems to each other. Detection of a set of two or more reference positions can be 
accomplished by detecting a set of two or marks present on the plane of the object table with 
a detection system associated with the first measurement system and one associated with the 

1 5 second measurement system. Other offsets than the scaling offset may be caused by non- 
linear, higher-order errors in the measuring systems. These higher order errors may be 
calibrated by correlating the different position measuring systems by multi-degree 
polynomials using the measurements from multiple reference positions. During the 
calibration method the object table will be moved such that a sequence of marks on the object 

20 table will be detected by the detection systems, so as to identify their reference positions. For 
this purpose two or more marks can be provided on the object table, or a workpiece (i.e. 
substrate or mask as appropriate) with two or more marks can be provided to the object table. 
Each position measuring system measures a displacement (i.e. a reference distance) of the 
object table in at least the X and Y direction, respectively between detection of the first and 

25 the second of the two or more marks. One could also determine the two or more reference 
positions by detecting an aerial image of one mark projected upon the plane of the object 
table with two or more detectors provided to said plane. The distance between both detectors 
will give the reference distance in that case. 

By knowing the reference distance in the X direction (Reference DX) between 

30 two marks or detectors, and therefore between the two reference positions, the following 
formula can be used to calculate a relative scaling offset: 



Scaling offset (X) « Measured DX / Reference DX 
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A similar offset can be calculated for the absolute scaling offset in the Y, Z direction and 
rotations around the X, Y and Z direction. It must be understood that the scaling offset thus 
calculated can be used to calculate a particular position as a function of a measured value in a 
particular station. By doing so for each stations, each position measuring system is calibrated. 
The scaling offset may show a certain drift, such that it may be necessary to calculate the 
scaling offset more than once, for example for every substrate processed by the apparatus. 

One could also calibrate the position measuring systems of a first station (st. 1) 
to that of a second station (st.2) by the following formula, to obtain a relative scaling offset: 

Scaling offset (X st.l to X st.2) - Measured DX (st.l) / Measured DX (st.2) 

An advantage of using a relative scaling offset is that any linear scaling effect, such as 
thermal expansion of the object table, which increases the distance between the two marks 
linearly can be taken into account in the correlation procedure. With more than two stations, 
you can select one station as "holly" and correlate all others to that one, or you can correlate 
any two stations to each other. 



lithographic projection apparatus comprising: 

• a radiation system for supplying a projection beam of radiation; 

• a first object table for holding a mask; 

• a second object table for holding a substrate; 

• a projection system for imaging an irradiated portion of the mask onto a target portion of 
the substrate; 

• a first position measuring system for measuring the position of one of said object tables; 

• a first detection system for identifying the position of said one of said object tables within 
said first position measuring system; 

• a second position measuring system for measuring the position of said one of said object 
tables; and, 

• a second detection system for identifying the position of said one of said object tables 
within said second position measuring system; 

characterized in that said apparatus comprises calculating means connected to said first and 
said second position measuring system and said first and said second detection system for 
relating to each other measurements of said first and said second position measuring system. 



According to a further aspect of the present invention there is provided a 
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In a manufacturing process using a lithographic projection apparatus according 
to the invention, a pattern in a mask is imaged onto a substrate which is at least partially 
covered by a layer of radiation-sensitive material (resist). Prior to this imaging step, the 
substrate may undergo various procedures, such as priming, resist coating and a soft bake. 
After exposure, the substrate may be subjected to other procedures, such as a post-exposure 
bake (PEB), development, a hard bake and measurement/inspection of the imaged features. 
This array of procedures is used as a basis to pattern an individual layer of a device, e.g. an 
IC. Such a patterned layer may then undergo various processes such as etching, ion- 
implantation (doping), metallization, oxidation, chemo-mechanical polishing, etc., all 
intended to finish off an individual layer. If several layers are required, then the whole 
procedure, or a variant thereof, will have to be repeated for each new layer. Eventually, an 
array of devices will be present on the substrate (wafer). These devices are then separated 
from one another by a technique such as dicing or sawing, whence the individual devices can 
be mounted on a carrier, connected to pins, etc. Further information regarding such processes 
can be obtained, for example, from the book "Microchip Fabrication: A Practical Guide to 
Semiconductor Processing", Third Edition, by Peter van Zant, McGraw Hill Publishing Co., 
1997, ISBN 0-07-067250-4. 

Although specific reference has been made hereabove to the use of the 
apparatus according to the invention in the manufacture of ICs, it should be explicitly 
understood that such an apparatus has many other possible applications. For example, it may 
be employed in the manufacture of integrated optical systems, guidance and detection patterns 
for magnetic domain memories, liquid-crystal display panels, thin-film magnetic heads, etc. 
The skilled artisan will appreciate that, in the context of such alternative applications, any use 
of the terms "reticle", ''wafer" or "die" in this text should be considered as being replaced by 
the more general terms "mask", "substrate" and "target portion", respectively. 



The invention and its attendant advantages will be further elucidated with the 
aid of exemplary Embodiments and the accompanying schematic drawings, wherein: 
30 Figure 1 schematically depicts a lithographic projection apparatus suitable for 

use with the method according to the invention; 

Figure 2 schematically depicts an object table for use within the apparatus of 

figure 1; and 
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Figure 3 schematically depicts a more detailed view of the first station of the 
apparatus of figure 1 . 



Embodiment 1 

Figure 1 schematically depicts a lithographic projection apparatus suitable 
for use with the method according to a first embodiment of the invention. The apparatus 
10 comprises: 

a radiation system LA, Ex, IN, CO for supplying a projection beam PB of radiation 
(e.g. UV or EUV radiation, X-ray, ions or electrons); 

a mask table (first object table) MT provided with a mask holder for holding a mask 
MA (e.g. a reticle), and connected to first positioning means for accurately positioning the 
1 5 mask with respect to a reference such as item PL; 

a first substrate table (second object table) WTa provided with a substrate holder for 
holding a substrate W (e.g. a resist-coated silicon wafer), and connected to second positioning 
means for accurately positioning the substrate with respect to a reference such as item PL; 

a second substrate table (third object table) WTb provided with a substrate holder for 
holding a substrate W, and connected to third positioning means for accurately positioning 
the substrate with respect to a reference such as item PL; 

a projection system ("lens") PL (e.g. a refractive or catadioptric system, a mirror 
group or an array of field deflectors) for imaging an irradiated portion of the mask MA onto a 
target portion C of a substrate W held on the first or second substrate table at a first, or 
25 exposure, station Sa; 

a levelling system LS for performing initial metrology steps on a substrate held on 
the first or second substrate table at a second, or metrology, station Sb; and 

a position control system provided with a first position measuring system IFa for 
measuring a position of one of the substrate tables at the first (exposure) station Sa and a 
30 second position measuring system IFb for measuring a position of the other one of the 
substrate tables at the second (metrology) station Sb. 

As here depicted, the apparatus is of a transmissive type (i.e. has a 
transmissive mask). However, in general, it may also be of a reflective type, for example. 



20 
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The radiation system comprises a source LA (e.g. a Hg lamp, excimer laser, 
an undulator provided around the path of an electron beam in a storage ring or synchrotron, a 
plasma source or an electron or ion beam source) which produces a beam of radiation. This 
beam is passed along various optical components comprised in the illumination system, — 
5 e.g. beam shaping optics Ex, an integrator IN and a condenser CO — so that the resultant 
beam PB has a desired shape and intensity distribution in its cross-section. 

The beam PB subsequently intercepts the mask MA which is held in a mask 
holder on a mask table MT. Having traversed the mask MA, the beam PB passes through the 
lens PL, which focuses the beam PB onto a target portion C of the substrate W. With the aid 
10 of the interf erometric displacement measuring means IFa and IFb, the substrate tables WTa, 
WTb can be moved accurately by the second and third positioning means, e.g. so as to 
position different target portions C in the path of the beam PB. Similarly, the first positioning 
means can be used to accurately position the mask MA with respect to the path of the beam 
PB, e.g. after mechanical retrieval of the mask MA from a mask library or during a mask 
1 5 scan. In general, movement of the tables MT, WTa, WTb will be realised with the aid of a 
long-stroke module (course positioning) and a short-stroke module (fine positioning), which 
are not explicitly depicted in Figure 1. In the case of a wafer stepper (as opposed to a step- 
and-scan apparatus) the mask table MT maybe connected only to a short stroke-positioning 
device, to make fine adjustments in mask orientation and position, or the mask table MT may 
20 be just fixed. The second and third positioning means may be constructed so as to be able to 
position the substrate tables WTa, WTb over a range encompassing both the first station Sa 
under projection system PL and the second station Sb under the levelling system LS. Suitable 
positioning systems are described, inter alia, in WO 98/28665 and WO 98/40791 mentioned 
above. It should be noted that a lithography apparatus may have multiple exposure stations 
25 and/or multiple metrology stations and that the numbers of metrology and exposure stations 
may be different than each other and the total number of stations need not equal the number 
of substrate tables. Indeed, the principle of separate exposure and metrology stations may be 
employed with one or more substrate tables. 

The depicted apparatus can be used in two different modes: 
30 1 . In step-and-repeat (step) mode, the mask table MT is kept essentially stationary, and 
an entire mask image is projected in one go (i.e. a single "flash") onto a target portion C. The 
relevant substrate table is then shifted in the X and/or Y directions so that a different target 
portion C can be irradiated by the beam PB; 
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2. In step-and-scan (scan) mode, essentially the same scenario applies, except that a 
given target portion C is not exposed in a single "flash". Instead, the mask table MT is 
movable in a given direction (the so-called "scan direction", e.g. the Y direction) with a speed 
v, so that the projection beam PB is caused to scan over a mask image; concurrently, the 
5 relevant substrate table WTa or WTb is moved in the same or opposite direction at a speed V 
- Mv, in which M is the magnification of the lens PL (typically, M - 1/4 or 1/5). In this 
manner, a relatively large exposure area C can be exposed, without having to compromise on 
resolution. 

When using the method according to the invention for calibrating a 
10 lithographic projection apparatus in a manufacturing process, the following steps may be 

used. Firstly, a substrate W is loaded on the substrate table WTb at the second station Sb. The 
substrate tables (see WTa, WTb in figure 2) have at the plane of the table two reference plates 
(e.g. fiducial plates) RM1 and RM2 provided with reference marks Ml and M2, respectively, 
and image sensors TIS1 and TIS2, respectively. The position of the marks Ml and M2 is 
15 detected under a mark detection system RD and at the same time the position of the relevant 
substrate table is measured with a position measuring system DFb in up to six degrees of 
freedom. 

The measurement of the position of the substrate table may be done with a 
system as described in, for instance US 6,020,964 (P-0077.010-US) or WO 99/32940 (P- 

20 0079.010- WO), which are incorporated herein by reference. In such a position measuring 
system, interferometer beams are directed to the relevant substrate table to measure its 
position. One could also use an optical encoder to read the position of the substrate table. In 
general an optical encoder comprises a readhead which reads the movements of a scale that 
may be mounted upon the substrate table. The position measuring system measures the 

25 translation of the substrate table when it is moved, such that the mark detection system RD 
firstly detects the first mark and subsequently the second mark, for example firstly Ml and 
then M2. By this procedure the position measuring system (IFa or IFb) measures the reference 
distance between the mark Ml and M2. Said distance is fixed for the substrate table and will 
give a good reference for scaling the position measurement system. If the substrate table is 

30 moved to another position measuring system the distance between the both marks may again 
be used for scaling said other position measuring system. 

The mark detection system RD may be a system as described in WO 
98/39689 (P-0070.010-WO) which is incorporated herein by reference, and may also be used 
to measure the position of marks located on the substrate W with respect to marks Ml and 
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M2. Such a mark detection system uses an alignment beam of radiation that is directed to a 
reflective grating (a mark). The mark reflects the diffracted alignment beam to a detector, 
which measures the position of the mark. 

At the second station Sb the levelling system LS may be used to measure 
5 the surface figure of a substrate W located on a substrate table as is described in more detail 
in European Patent Publication 1037117 (P-0128.010-EP), which is incorporated herein by 
reference. The levelling system LS may be used to measure a position in the Z direction and a 
rotation around the X and Y direction of a particular surface, for example. 

Once the substrate W is scanned with the levelling system LS and the 
10 position of marks Ml and M2 on the substrate table is determined, the substrate table may be 
moved to the first station Sa for exposure of the substrate W. Concurrently, the substrate table 
present at the first station should be moved from first station Sa to another location, for 
instance an unloading station. At the first station Sa, the image sensors TIS1 and TIS2 are 
used to determine the position of the substrate table with respect to an aerial image of a mark 
15 TIS-M on the mask M as is depicted in figure 3. Image sensors TISl and TIS2 comprise 
apertures in a surface located above a photo detector that is sensitive to radiation, for 
example, from the projection beam PB. By illuminating the mark TIS-M with the projection 
beam PB an aerial image of said mark will be projected upon the plane of the substrate table 
by the projection system. By scanning said aerial image over the apertures in the TISl sensor 
20 and by arranging the apertures such that they form a negative of the aerial image, the detector 
will give a maximal output indicating maximal irradiation when the detector is in the focal 
plane and in the center of the aerial image. An example of a transmissive image sensor 
suitable for use as detector TISl or TIS2 is described in greater detail in US 4,540, 277, and a 
reflective image sensor (as an alternative) is described in US 5,144,363, which are 
25 incorporated herein by reference. TISl and Ml are comprised in the same reference plate 

RM1 and have a fixed calibrated distance between them; the same applies to TIS2 and M2 on 
RM2. By moving the substate table such that both image sensors (i.e. TISl and TIS2) 
subsequently detect the aerial image of the mark TIS-M, a reference distance is provided for 
the position measuring system IFa at the first station Sa. 
30 One could also use a mark detection system as used at the second station Sb 

or a through-the-lens (TTL) alignment method as described in US 5,481,362 (P-0032.010- 
US), which is incorporated herein by reference, to determine the scaling offset. Using the 
through-the-lens alignment method an alignment beam of radiation is directed through the 
projection system PL to a reflective grating located upon the substrate table. This grating will 
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reflect the beam back into the projection system PL through a mark in the mask MA to a 
detector, which measures the radiation intensity of the image of the reflective grating, 
indicating the position of the reflective grating. 

The scaling offset may be used in a calculating means to calculate a real 
5 position as a function of a measurement signal of the position measurement system (IFa or 
IFb) or may be used to link a measurement done with a first position measurement system to 
a measurement done with a second position measurement system. The scaling offset may be 
determined for every substrate manufactured with the apparatus. In this way the scaling offset 
will be adjusted for every substrate and the influence of drift will be minimized. 

10 

Embodiment 2 

The method according to a second embodiment of the invention may be 
used in the apparatus of figure 1 . According to the second embodiment of the invention two 
1 5 position measurement systems (IFa and IFb) are calibrated to each other by using two or more 
marks located on the substrate W. After the substrate W is placed on the substrate table WTa 
or WTb two or more marks located on the substrate W are detected with a detection system 
e.g. the detection system RD of figure 1 . While moving from the first of the two or more 
marks to the second of the two or more marks the position of the substrate table (WTa or 
20 WTb) is measured with the position measuring system IFb. In this manner two or more 
reference positions are measured and one can calculate a scaling offset for a particular 
position measuring system IFb by knowing the reference distance between the two marks. By 
repeating this for the position measuring system IFa in the first station Sa one can relate both 
position measuring systems to each other. In the first station Sa a mark detection system RD 
25 or a through-the-lens (TTL) alignment system as described above may be used to detect the 
marks on the substrate. 

Whilst we have described above specific embodiments of the invention it 
will be appreciated that the invention may be practised otherwise than as described. The 
method may, for example, be used to calibrate the position measuring systems for measuring 
30 a position of an object table in more than two stations. 
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1 • A method for calibrating a lithographic projection apparatus comprising: 

• an illumination system for supplying a projection beam of radiation; 

• a first object table for holding a mask; 

• a second object table for holding a substrate; and 

• a projection system for imaging an irradiated portion of the mask onto a target portion of 
the substrate; 

characterized in that said calibration method comprises the following steps: 

• identifying a set of two or more reference positions of said object table with a first 
detection system and simultaneously measuring those reference positions with a first 
position measuring system; 

• identifying the same set of reference positions of said object table with a second detection 
system and simultaneously measuring those reference positions with a second position 
measuring system; and 

• correlating said first and said second measuring systems using the measurements of the 
reference positions. 



2 * A method according to claim 1 , wherein said set of reference positions are 

identified by detecting at least two marks provided to said object table. 

2 0 3 - A method according to claim 1 , wherein said set of reference positions are 

identified by detecting at least two marks on a workpiece held by said object table. 
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4 - A method according to claim 2 or 3, wherein said mark is a diffractive mark 

whose position is detected by directing a detection beam of radiation to said diffractive mark 
and measuring the intensity of the sub-beams diffracted from said mark with an intensity 
detector such that the intensity detected by the intensity detector comprises an indication of 
the position of the mark with respect to that detector. 
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5. A method according to claim 1 , wherein said set of reference positions are 

identified by detecting an aerial image of a mark by at least two image sensors provided to the 
object table and adapted to detect an aerial image of a marie. 
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6. A method according to claim 5, wherein said aerial image generated with a 

mark with a particular pattern is scanned over an image sensor comprising a similar pattern 
located on top of a light intensity detector such that the intensity detected by the intensity 
detector comprises an indication of the position of the aerial image with respect to said image 
sensor. 



7. A method according to claim 1, wherein said position measuring system 

comprises an interferometer system. 

15 8. A method according to claim 1, wherein said calibration method is applied for 

every substrate processed in that apparatus. 



9. A lithographic projection apparatus comprising: 

• a radiation system for supplying a projection beam of radiation; 
20 • a first object table for holding a mask; 

• a second object table for holding a substrate; 

• a projection system for imaging an irradiated portion of the mask onto a target portion of 
the substrate; 

• a first position measuring system for measuring the position of one of said object tables; 
25 • a first detection system for identifying the position of said one of said object tables within 

said first position measuring system; 

• a second position measuring system for measuring the position of said one of said object 
tables; and, 

• a second detection system for identifying the position of said one of said object tables 
30 within said second position measuring system; 

characterized in that said apparatus comprises calculating means connected to said first and 
said second position measuring system and said first and said second detection system for 
relating to each other measurements of said first and said second position measuring system. 
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ABSTRACT: 



"Method for calibrating a lithographic projection apparatus and apparatus capable of applying 
such a method" 



A method for calibrating a lithographic projection apparatus comprising: 

• an illumination system LA, EX, IN and CO for supplying a projection beam of radiation; 

• a first object table MT for holding a mask MA; 

• a second object table WT for holding a substrate W; and 

5 • a projection system PL for imaging an irradiated portion of the mask onto a target portion 
of the substrate W; 
characterized in that said calibration method comprises the following steps: 

• identifying a set of two or more reference positions of said object table with a first 
detection system and simultaneously measuring those reference positions with a first 

10 position measuring system; 

• identifying the same set of reference positions of said object table with a second detection 
system and simultaneously measuring those reference positions with a second position 
measuring system; and 

• correlating said first and said second measuring systems using the measurements of the 
1 5 reference positions. 

Fig. 1 
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